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a connector embodied in a coaxial manner. The calibration
unit provides a housing and an inner conductor, whereas the
inner conductor (15) is embodied centered within an aperture
of the housing. The calibration unit provides a connecting
element, that the connecting element is inserted into the aper-
ture of the housing and hosts the inner conductor and that the
connecting element is embodied in an elastic manner and
supports the inner conductor in an elastic manner relative to
the housing.
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Fig. 4A
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Fig. 5A
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] S
- Electroplating a forming template with the
shape of the connecting element;

v S,
- Etching away the forming template or
peeling the connecting element off the
forming template;

v S3
- Manufacturing the inner conductor in a
lathing process;

v S,
- Electroplating and/or sputtering the lathed
inner conductor,;

) Ss
- Manufacturing a second individual segment;

i S
- Applying a thin-film resistor and contact to
the second individual segment;

v S;
- Trimming the resistor with a laser;

! Ss
- Soldering and/or gluing the second individupl
segment to a first individual segment;

N Se
- Inserting the inner conductor into the
connecting element;

v S1o
- Inserting the connecting element into an
aperture of the housing;

! S11

- Soldering and/or gluing the connecting

element to the housing;

Fig. 9
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CALIBRATION UNIT FOR A
MEASUREMENT DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION(S)

The present application is a national phase application of
PCT application No. PCT/EP2011/064121, filed on Aug. 17,
2011, and claims priority to German Application No. DE
102010045780.9, filed on Sep. 17, 2010, the entire contents
of which are incorporated herein by reference.

FIELD OF THE INVENTION

The invention relates to a calibration unit for an electronic
measurement device, especially a network analyzer.

BACKGROUND OF THE INVENTION

Network analyzers which are used for determining scatter-
ing parameters of connected devices under test, such as filters,
amplifiers and attenuation elements, cover a broad frequency
range and are achieving increasingly upper frequency limits.
The scattering parameters of devices under test can be deter-
mined, for example, in the W band (75 GHz to 110 GHz), via
special upconverter units. In this context, the individual com-
ponents of a network analyzer themselves are affected by
error and provide a frequency response and a phase response,
which, especially in the case of high frequencies, prevents
accurate measurement of the device under test. Calibrating
the network analyzer provides a compensation of these sys-
tem errors, thereby significantly increasing the measurement
accuracy.

Such a calibration is achieved by connecting different cali-
bration standards with known electrical properties to the test
ports consecutively and determining the measured values.
Known calibration standards are “open” (English: open),
“short” (English: short), “match” (English: match) and
“through” (English: through). In this context, for example,
the calibration standard “match” must achieve the maximum
possible signal attenuation over the broadest possible fre-
quency range, so that a clear differentiation is guaranteed, for
example, between the calibration standard “match™ and the
calibration standard “short”. The calibration standards
“open”, “short” and “match” are provided in this context as
coaxial connectors, which are screwed to the individual
coaxial test ports of the network analyzer. To transmit signals
with frequencies up to 110 GHz via a coaxial connection,
coaxial lines, of which the outer conductor diameter is 1 mm
and the inner conductor diameter is 0.434 mm, are used. The
calibration standards embodied as coaxial connectors must
accordingly be manufactured in a very precise and at the same
time mechanically robust manner because even deviations of
0.005 mm in the outer conductor diameter cause the wave
impedance to vary by approximately 0.7 ohms, thereby pre-
venting high-precision measurements.

A termination for a coaxial line system is known from U.S.
Pat. No. 5,047,737 A. An inner conductor provides a groove,
which is used to host a substrate. The substrate is coated with
a thin-film resistor, which is connected to the inner conductor
by means of a soldered connection. The thin-film resistor
connects the inner conductor to the housing. In this context,
the borehole within the housing is tapered towards the end.
The disadvantage with U.S. Pat. No. 5,047,737 A is that the
junction from the inner conductor to the substrate represents
a considerable disturbance of the electromagnetic field and
therefore reduces the efficiency of the attenuation element.
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Accordingly, there is a need to provide a calibration unit
which is, on one hand, mechanically robust, and, on the other
hand, also achieves optimal properties at very high frequen-
cies, and to provide a corresponding manufacturing method.

SUMMARY OF THE INVENTION

Embodiments of the invention, therefore, advantageously
provide for a mechanically robust calibration unit that
achieves optimal properties at very high frequencies.

According to an exemplary embodiment, a calibration unit,
for a measurement device for connecting to a connector
embodied in a coaxial manner, comprises a housing and an
inner conductor, wherein the inner conductor is centered
within an aperture of the housing. The calibration unit further
comprises a connecting element, wherein the connecting ele-
ment is inserted into the aperture of the housing and hosts the
inner conductor, and wherein the connecting element is
embodied in an elastic manner and supports the inner con-
ductor relative to the housing.

With regard to the feature whereby an elastic connecting
element can be inserted into the aperture of the housing of the
calibration unit and would thereby host the inner conductor,
certain advantages are achieved. For example, this allows the
inner conductor to be particularly well centered and always to
provide the same distance from the outer conductor, so that
the wave impedance of the calibration circuit hardly varies
over the frequency range. The elastic embodiment of the
connecting element ensures that the mechanical integrity of
the calibration unit is not impaired by repeatedly screwing to
the measurement unit to be calibrated, even if the calibration
unit is not mounted on a carriage and moved only in the
horizontal axis towards the measuring unit to be calibrated.
The elastic connecting element also attenuates relatively
small vibrations, caused, for example, by accidental dropping
of the calibration unit.

According to a further exemplary embodiment, in a first
method step of a method for manufacturing a calibration unit,
a forming template which provides a negative shape of a
connecting element, is electroplated, thereby producing the
connecting element. In a second method step, the electro-
plated connecting element is separated from the forming tem-
plate by etching away the forming template or by peeling the
connecting element off the forming template.

With regard to the aspect of the method for manufacturing
the calibration unit whereby the elastic connecting element is
manufactured by a electroplating process, certain advantages
are achieved. For example, the layer thickness and therefore
also the spring constant can accordingly be adjusted very
precisely to the requirements. Furthermore, it is advanta-
geous that the forming template is separated from the con-
necting element by etching, because, as a result, the structure
of the connecting element is preserved.

A further advantage of the calibration unit according to
embodiments of the invention is achieved if the connecting
element is embodied in a funnel shape and comprises several
contiguous individual segments. The funnel-shaped embodi-
ment with a segment varying in diameter ensures that the
calibration unit provides optimal properties over a very broad
frequency range. The various individual segments of the con-
necting element are embodied differently and are used, for
example, to attach the connecting element to the housing or to
allow the connecting element to host the inner conductor.

Moreover, an advantage of the calibration unit according to
embodiments of the invention is achieved if a first individual
segment of the connecting element is embodied as a flange or
a cowl and glued and/or pressed and/or soldered to the hous-
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ing in an electrically conductive manner. A first individual
segment of the connecting element embodied as a flange or a
cowl which is placed over the aperture of the housing ensures
that the connecting element does not cant in the aperture of
the housing, but can always be fitted with optimal alignment.
The fact that the connecting element is glued and/or pressed
and/or soldered to the housing ensures that the connecting
element not becomes unfastened also during the course of
time, and accordingly, the inner conductor hosted by the
connecting element is permanently fixed in its position.

Finally, an advantage is achieved with the calibration unit
according to embodiments of the invention if the inner con-
ductor comprises at least two individual segments in the case
of the load states “open” and “match”, wherein a second
individual segment is made from a dielectric, which, in the
case of the load state “match” is partially coated with a thin-
film resistor or a thick-film resistor and an electrically con-
ductive material. This allows that, on the one hand, the cali-
bration unit covers the calibration standards “short” and
“open”, and, on the other hand, by means of the thin-film
resistor or thick-film resistor, it can also be used for the
calibration standard “match”. The thin-film resistor or the
thick-film resistor is usually selected in such a manner that the
calibration unit achieves a resistance of 50 ohms over the
broadest possible frequency range up to 110 GHz as accu-
rately as possible.

In the case of the method according to the invention for
manufacturing the calibration unit, a further advantage is
achieved, in accordance with a further exemplary embodi-
ment wherein the inner conductor or a first segment of the
inner conductor is manufactured in a lathing process and
electroplated and/or sputtered with a material providing very
good conductivity. On the basis of these further method steps,
the inner conductor can be manufactured very precisely, so
that the wave impedance does not vary. Lathing processes
allow an accuracy of a few micrometers.

Furthermore, with regard to the method for manufacturing
the calibration unit, an advantage is achieved according to a
further exemplary embodiment, wherein a second segment of
the inner conductor with dielectric properties is manufactured
by a pressing process and/or a sintering process and/or a
lathing process, and if a thin-film resistor or thick-film resis-
tor and an electrically conductive layer are applied sectionally
to the second segment and if the thin-film resistor or the
thick-film resistor afterwards is trimmed by means of a laser,
and if the second segment of the inner conductor is connected
to a first segment of the inner conductor by means of a sol-
dering process and/or a gluing process. This allows the manu-
facturing of a calibration unit for the calibration standard
“match”, wherein the thin-film resistor is selected in such a
manner that the calibration unit provides, as accurately as
possible, a resistance of, for example, 50 ohms.

Finally, with regard to the method for manufacturing the
calibration unit, in accordance with a further exemplary
embodiment, an advantage is achieved wherein the inner
conductor, or the first individual segment and the second
individual segment of the inner conductor, is pushed into the
connecting element in such a manner that the connecting
element can then be inserted into the aperture of the housing
and soldered or glued to the housing. Such an embodiment of
the connecting element allows a very simple assembly,
whereas the connecting element can also be used for calibra-
tion units, which cover the calibration standards “open” and
“short”. In the case of the calibration standard “open”, the
second segment of the inner conductor is not coated with a
thin-film resistor, and in the case of the calibration standard
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4

“short”, the second segment of the inner conductor is made of
metal or is coated with a metallic layer.

BRIEF DESCRIPTION OF THE DRAWINGS

Various exemplary embodiments of the invention are
described by way of example below with reference to the
drawings. Identical subject matters show the same reference
numbers. The corresponding figures of the drawings show:

FIG. 1 illustrates a section along a longitudinal axis of the
calibration unit, according to exemplary embodiments of the
invention;

FIG. 2A illustrates a section along the longitudinal axis of
the connecting element, according to exemplary embodi-
ments of the invention;

FIG. 2B illustrates a section along the longitudinal axis
through a forming template of the connecting element,
according to exemplary embodiments of the invention;

FIG. 3 illustrates a perspective view of a section along the
longitudinal axis of the connecting element, according to
exemplary embodiments of the invention;

FIG. 4A illustrates a perspective view of an inner conduc-
tor with a contact plug, according to exemplary embodiments
of the invention;

FIG. 4B illustrates a perspective view of an inner conductor
with the contact socket, according to exemplary embodi-
ments of the invention;

FIG. 5A illustrates a perspective view of an inner conduc-
tor, for example, as it can be used for the calibration standard
“short,” according to exemplary embodiments of the inven-
tion;

FIG. 5B illustrates a perspective view of an inner conduc-
tor, for example, as it can be used for the calibration standard
“match,” according to exemplary embodiments of the inven-
tion;

FIG. 5C illustrates a perspective view of an inner conduc-
tor, for example, as it can be used for the calibration standard
“open,” according to exemplary embodiments of the inven-
tion;

FIG. 6 illustrates a perspective view of the calibration unit
in the assembled state, according to exemplary embodiments
of the invention;

FIG. 7 illustrates a section of a perspective view of the
calibration unit along the longitudinal axis, according to
exemplary embodiments of the invention;

FIG. 8 illustrates the S11 parameter plotted versus the
frequency for calibration unit, according to exemplary
embodiments of the invention; and

FIG. 9 illustrates a flow chart for manufacturing the cali-
bration unit, according to exemplary embodiments of the
invention.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS OF THE INVENTION

FIG. 1 shows a section along a longitudinal axis 20 through
an exemplary embodiment of the calibration unit 1 according
to the invention. The calibration unit is connected to a mea-
surement device, which is preferably a network analyzer. In
this context, the calibration unit 1 is embodied as a coaxial
connector and, with a frequency range up to 110 GHz, can
host an outer conductor with an outer-conductor diameter of
1 mm. The calibration unit 1 comprises a housing 2, which is
electrically conductive or at least is coated with a layer of
good electrical conductivity. By preference, the housing 2 is
coated with a gold layer in a electroplating process. Depen-
dent on the shape of the housing, the housing 2 can also be
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coated with a conductive layer in a sputtering process. The
housing 2 in the exemplary embodiment according to the
invention from FIG. 1 is embodied as a hollow cylinder and
provides an aperture 3. This aperture 3 is preferably formed
by a drilling process, whereas a first drilling radius 4 at the
hosting end of the housing 2 is preferably selected to be
smaller than a second drilling radius 5 at the second end of the
housing 2 facing opposite to the hosting end. The outer diam-
eter of the housing 2 at the hosting end is also smaller than at
the second end of the housing 2.

A groove 6, which can be manufactured by a lathing pro-
cess, is embodied at the second end of the housing 2. A snap
ring 7, over which a union nut 8 is attached, is inserted into the
groove 6, in such a manner that the union nut 8 is held in a
movable manner at the housing 2. The union nut 8 provides a
thread at the connecting end of the housing 2, with the assis-
tance of which the calibration unit 1 can be rigidly screw
connected to a connecting port of the network analyzer. Fur-
thermore, the calibration unit 1 provides a connecting ele-
ment 9, whereas the connecting element 9 can preferably be
inserted into the aperture 3 at the connecting end of the
housing 2. The connecting element 9 is preferably embodied
in a funnel shape and comprises several contiguous individual
segments. A first individual segment 10 of the connecting
element 9 is embodied as a flange or a cowl and glued and/or
pressed and/or soldered to the connecting end of the housing
2. The fact that a radius of the first individual segment 10 of
the connecting element 9 is larger than the radius 4 of the first
borehole ensures that the connecting element 9 does not fall
through the aperture 3 of the housing 2 during assembly. A
cowl shape of the first individual segment 10 of the connect-
ing element 9, which encompasses partially the housing 2,
ensures that the connecting element 9 is partially fixed in the
axial direction until it is glued and/or pressed and/or soldered
and automatically centers itself.

A second individual segment 11 of the connecting element
9 provides an inner diameter, which corresponds with the
inner diameter of the outer conductor of the connector to be
connected plus twice the wall thickness of the connecting
element 9, whereas the radius 4 of the first borehole is pref-
erably selected in such a manner that the second individual
segment 11 lies flat in a form-fit manner against the internal
surface 12 of the housing 2.

A third individual segment 13 of the connecting element 9
is embodied in a narrowing manner, for example conical, so
that the connecting element 9 tapers in its diameter. The
tapering shape of the third individual segment 13 of the con-
necting element 9 means that, on the one hand, the connecting
element 9 provides elastic properties and, on the other hand,
allows an optimum matching up to frequencies of 110 GHz
and above. Dependent upon the shape of the housing 2, other
mathematically-based shapes for the third individual segment
13 are conceivable under some circumstances, if they have a
favorable influence on the reflection behavior.

A fourth individual segment 14 of the connecting element
9 is used as a hosting element for an inner conductor 15. The
diameter of this fourth individual segment 14 is selected in
such a manner that the inner conductor 15 can be inserted into
it. The connecting element 9 is made from a material with
very good conductivity, preferably gold. The process for
manufacturing the connecting element 9 will be described in
greater detail below.

The inner conductor 15 is embodied to be centered via the
connecting element 9 within the aperture 3 of the housing 2.
The inner conductor 15 of the calibration unit 1 can be
embodied in one piece or in several parts dependent on
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whether the calibration unit 1 represents the calibration stan-
dards “open” or “short” or “match”.

If the calibration unit 1 is to fulfill the calibration standard
“short”, the inner conductor 15 is preferably embodied in one
piece from a metal, whereas the surface of the inner conductor
15 is preferably coated with a material of very good conduc-
tivity, preferably gold.

FIG. 1 shows a two-part embodiment of the inner conduc-
tor 15 as it can be constructed for the calibration standards
“open” and “match”. The inner conductor 15 is built up from
two individual segments. A first individual segment 15, ofthe
inner conductor 15 is embodied either as a contact plug 17 or
as a contact socket 43 and contacts a connecting port of the
network analyzer to be calibrated directly or indirectly via a
coaxial connecting cable. It is evident that, in the exemplary
embodiment from FIG. 1, the first individual segment 15, of
the inner conductor 15 is embodied as a contact plug 17. In
this context, the contact plug 17 of the first individual segment
15, of'the inner conductor 15 provides a smaller diameter than
the inner conductor 15 itself. At the end facing away from the
contact plug 17, the first individual segment 15, of the inner
conductor 15 provides a borehole 19, into which the second
individual segment 15, of the inner conductor 15 is inserted.
The second individual segment 15, of the inner conductor 15
is glued and/or soldered in an electrically conductive manner
to the first individual segment 15, of the inner conductor 15.
If the connector of the calibration unit 1 is a 1-mm coaxial
connector which is suitable for frequencies up to 110 GHz,
the diameter of the inner conductor 15 is 0.434 mm.

The second individual segment 15, is made of a dielectric
with the lowest possible dielectric conductivity €, and a high
resistance to bending, so that the inner conductor 15 can also
withstand mechanical stresses. By contrast with aluminum
oxide, zirconium oxide in fact provides a relatively high resis-
tance to bending, however, the permittivity €, is extremely
high. Silicon nitride (Si;N,) offers a good compromise,
which, when sintered or preferably HIP-processed (hot isos-
tatic pressing) provides a very high resistance to bending at
the same time as a low permittivity €,.

If the calibration unit 1 forms the calibration standard
“match”, the second individual segment 15, of the inner con-
ductor 15, which acts as an absorber, is coated with a thin-film
resistor or a thick-film resistor. For example, a nickel-chro-
mium alloy is suitable as the material for the thin-film resistor.
In this context, the second individual segment 15, of the inner
conductor 15 is completely or partially coated with the thin-
film resistor or a thick-film resistor. At a contact position
between the fourth individual segment 14 of the connecting
element 9 and the second individual segment 15, of the inner
conductor 15, the second individual segment 15, of the inner
conductor 15 is preferably coated with a material of very good
electrical conductivity, as for example gold.

If the calibration unit 1 forms the calibration standard
“open”, the coating of the second individual segment 15, of
the inner conductor 15 with the thin-film resistor or the thick-
film resistor can be completely omitted. The second indi-
vidual segment 15, of the inner conductor 15 is glued and/or
soldered and/or clamped to the connecting element 9 or
respectively to the fourth individual segment 14 of the con-
necting element 9.

The inner conductor 15 is pushed into the aperture 3 of the
connecting element 9 until only the contact plug 17 projects
from the aperture 3 of the connecting element 9. Instead of a
contact plug 17, the inner conductor can also be embodied at
its end not connected to the connecting element 9 as a contact
socket 43, whereas, in this case, the contact socket 43 lines up
precisely with the aperture of the connecting element 9. In
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this context, the connecting element 9 is made from an elec-
trically conductive material and connects the inner conductor
15 to the housing 2 in an electrically conductive manner.

FIG. 2A shows a section along the longitudinal axis 20
through an exemplary embodiment of the connecting element
9 according to the invention. The four individual segments 10,
11,13, 14, which are connected seamlessly to one another and
form the connecting element 9, are clearly identifiable. As
already explained, the third segment 13 allows the inner con-
ductor 15 hosted by the connecting element 9 to be supported
in an elastic manner relative to the housing. This ensures that
the inner conductor 15 is always aligned centered within the
aperture 3 of the housing 2, even after the calibration unit 1
has been screwed to and unscrewed from a connecting port of
the network analyzer or a coaxial connecting line of the
network analyzer several times, so that the desired properties
of the calibration unit 1 are reliably preserved even for high
frequencies. This also applies if the calibration unit 1 is acci-
dentally dropped on the floor.

FIG. 2B shows a section along the longitudinal axis 20
through a forming template 21 of an exemplary embodiment
of the connecting element 9 according to the invention. The
connecting element 9, which, on the one hand ensures the
optimal matching and, on the other hand, gives the calibration
unit 1 an adequate mechanical stability, must be manufac-
tured very accurately to ensure that the calibration unit 1
depicts the various calibration standards for frequencies up to
110 GHz in an optimal manner. For this purpose, the forming
template 21 is preferably lathed from aluminum. This form-
ing template 21 is identifiable in FIG. 2B. Following this, the
forming template 21 is coated in a electroplating process with
a material of very good electrical conductivity, such as gold.
The wall thickness of the connecting element 9 in this context
can be adjusted arbitrarily with very high precision within the
range of a few tens of micrometers. The wall thickness of the
connecting element 9 in this context is selected in such a
manner that the inner conductor 15 of the calibration unit 1
can be displaced on the small scale in an elastic manner, and
accordingly, a fracture of the inner conductor 15 or of the
second individual segment 15, of the inner conductor 15 is
avoided.

As soon as the correct wall thickness has been achieved, the
connecting element 9 can be pelt of from the forming tem-
plate 21. However, the forming template 21, which is made,
for example, of aluminum, is preferably etched away, so that
only the connecting element 9 remains. This can be achieved,
for example, through the use of sodium hydroxide solution.
This ensures that the required shape of the connecting ele-
ment 9 is preserved. The preferred, conical shape of the third
individual segment 13 allows a calibration unit 1 which forms
the calibration standard “match” to achieve optimal attenua-
tion behavior over a broad frequency range. The indentation
22 at the end of the forming template 21 ensures that an
inwardly extending cone is provided in the fourth individual
segment 14 of the connecting element. This serves as a cen-
tering aid for a borehole thereby speeding up the posterior
etching process after the electroplating step.

FIG. 3 shows a section along the longitudinal axis 20 of an
exemplary embodiment of the connecting element 9 accord-
ing to the invention in a perspective view. The first individual
segment 10 of the connecting element 9 in this context pro-
vides a cowl shape, as shown in FIG. 1. However, a planar
flange-shaped embodiment is also possible. The other indi-
vidual segments 11, 13, 14 are also shown, whereas the inner
conductor 15 is glued and/or soldered and/or clamped to the
fourth individual segment 14.

20

25

40

45

8

FIG. 4A shows a perspective view of an exemplary
embodiment of the inner conductor 15 according to the inven-
tion with its contact plug 17. The inner conductor 15 can also
be only the first segment 15, of the inner conductor 15 from
FIG. 1. The inner conductor 15 and its contact plug 17 are
manufactured in a lathing process and then coated by sput-
tering or electroplating with a layer of a material of very good
electrical conductivity. This sputtering or electroplating pro-
cess is adjusted in such a manner that the required diameter
for the inner conductor 15 is obtained.

FIG. 4B shows a perspective view of an exemplary
embodiment of an inner conductor 15 according to the inven-
tion with the contact socket 43, which can also be only the first
segment 15, ofthe inner conductor 15 from FIG. 1, and which
is also manufactured in a lathing process. Following this, in a
drilling process, a borehole 41 is drilled into the inner con-
ductor 15 and at least one longitudinal slot 42 is milled into
the contact socket 43 in a subsequent milling process. Finally,
the contact socket 43 is pressed together, as shown in FIG. 4B,
to form a conical shape, so that, upon contact with a plug
contact as shown in FIG. 4A, the contact socket 43 widens in
such a manner that the inner conductor 15 provides a diameter
01'0.434 mm. The slotted inner conductor 15, equipped with
the contact socket 43 and somewhat reduced in its diameter,
as well as the inner conductor 15 with a plug contact, is coated
in a sputtering or electroplating process, with a layer of a
material of very good electrical conductivity, whereas the
process is adjusted in such a manner that the required diam-
eter of the inner conductor 15 is obtained.

FIG. 5A shows a perspective view of an exemplary
embodiment of an inner conductor 15 according to the inven-
tion, as can be used for the calibration standard “short”. The
inner conductor 15 in this exemplary embodiment comprises
a first individual segment 15, and a second individual seg-
ment 15,, of which the surfaces 44 and 45 are each coated
with a layer of a material of very good electrical conductivity.
By preference the inner conductor 15 for the calibration stan-
dard “short” is embodied in one piece, so that absolutely no
imperfection can be formed between the first individual seg-
ment 15, and the second individual segment 15,.

FIG. 5B shows a perspective view of an exemplary
embodiment of the inner conductor 15 according to the inven-
tion, as can be used for the calibration standard “match”. The
inner conductor 15 in this context is embodied in two parts
and provides a first individual segment 15, and a second
individual segment 15,. In this context, at least the surface 44
of'the first individual segment 15, is coated with a material of
very good electrical conductivity, preferably gold. The sec-
ond individual segment 15,, which is made from a dielectric,
is provided, preferably on its surface 47, which is connected
in an electrically conductive manner to the fourth individual
segment 14 of the connecting element 9, with an electrically
conductive layer, for example, made of gold. In this context,
the surface 47 occupies only a part of the surface of the second
individual segment 15, of the inner conductor 15. The
remaining surface 46 of the second individual segment 15, of
the inner conductor 15 is coated with a thin-film resistor or a
thick-film resistor, of which the thickness is selected in such
a manner that the inner conductor 15 with its first individual
segment 15, and its second individual segment 15, and with
the connecting element 9 and the housing 2 achieves a resis-
tance value, for example, somewhat below 50 ohms. The
required resistance value, for example, of exactly 50 ohms, is
adjusted on the basis of a trimming process using a laser.

FIG. 5C shows a perspective view of an exemplary
embodiment of an inner conductor 15 according to the inven-
tion, as can be used for the calibration standard “open”. In this
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context the inner conductor 15 is embodied with its first
individual segment 15, and its second individual segment 15,
in two parts. The first individual segment 15, of the inner
conductor 15 is coated at least on its surface 44 with an
electrically conductive layer. The second individual segment
15, on its surface, which is mechanically connected directly
to the fourth individual segment 14 of the connecting element
9, is preferably not coated with a layer or is coated with an
electrically non-conductive layer.

FIG. 6 shows a perspective view of an exemplary embodi-
ment of the complete calibration unit 1 according to the
invention as a mal connector in the assembled state. The
housing 2 with the union nut 8 is evident. Furthermore, a
thread is embodied in the union nut 8, by which the calibra-
tion unit 1 is screw-connected to the connecting port of the
network analyzer to be calibrated. The first segment 10 of the
connecting element 9 is also shown. The inner conductor 15
provided with a contact plug 17 is embodied between them. A
housing cap 60 is attached to the end of the housing 2 facing
away from the plug connection. In principle, the exemplary
embodiment of the complete calibration unit 1 according to
the invention as shown in FIG. 6 can also be embodied as a
female connector. For this purpose, the inner conductor 15 is
provided with a contact socket 43. Furthermore, the union nut
8 is omitted, and the housing 2 is provided with an additional
thread.

FIG. 7 shows a sectional perspective view of an exemplary
embodiment of the calibration unit 1 according to the inven-
tion along the longitudinal axis 20. To allow a better overview,
the section of the inner conductor 15 has not been illustrated
with hatching. The union nut 8 with its thread, the snap ring 7,
the groove 6 and the housing 2 are all shown. The different
borehole radii 4 and 5 in the housing 2 are easily recognizable.
The inner conductor 15 formed in two-parts is embodied
centered within the aperture 3 of the housing 2 and clamped
and/or soldered and/or glued rigidly to the connecting ele-
ment 9. The connecting element 9 is rigidly glued and/or
soldered to the housing with its first segment 10 embodied in
a cowl shape.

FIG. 8 shows the magnitude of the scattering parameter
S11 in a logarithmic display, that is to say, the reflection
attenuation versus the frequency for an exemplary embodi-
ment of the calibration units 1 according to the invention. The
calibration unit 1 in this exemplary embodiment represents
the calibration standard “match”. It is evident that the reflec-
tion attenuation within the frequency range from 20 MHz to
110 GHz attains a maximal value of, for example, =30 dB.
The frequency is plotted on the abscissa in a linear manner
from 20 MHz to 110 GHz. For the calibration standard
“match”, this is a very good value, which guarantees a more
secure differentiation, that is, a large dynamic range, between
the calibration standard “match” and the calibration standards
“open” and “short”.

FIG. 9 shows a flow chart of the method for the manufac-
ture of the calibration unit 1 according to the invention for the
exemplary embodiment of a “match”. For the exemplary
embodiments “short” or respectively “open”, the method
steps S5 to Sg or respectively S to S, are preferably omitted.
Inafirst method step S, a pre-fabricated forming template 21
comprising a base material, preferably made of aluminum, is
electroplated in a electroplating method, preferably with a
gold layer of adjustable wall thickness. The forming template
21 also represents a negative shape of the connecting element
9. Before the electroplating process, a thin-film, which pref-
erably comprises gold, can be applied to the forming template
21 by sputtering.
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In a second method step S,, the forming template 21 is
etched away or the connecting element 9 obtained from the
electroplating process is peeled off the forming template 21.

In a third method step S;, the inner conductor 15 or only a
first individual segment 15, is manufactured in a lathing pro-
cess, as far as possible from a hard metal.

In a fourth method step S,, a covering layer of very good
conductivity is applied to the inner conductor 15 or only to a
first individual segment 15, by electroplating and/or sputter-
ing. By preference, the conductive covering layer is a gold
layer.

If the calibration unit 1 is to form the calibration standard
“open” or “match”, a second individual segment 15, of the
inner conductor 15 is preferably manufactured in a fifth
method step Sg, from a dielectric, such as sintered or HIP-
processed silicon nitride (Si;N,).

If the calibration unit 1 is to form the calibration standard
“match”, a thin-film resistor or a thick-film resistor is applied
to the second individual segment 15, of the inner conductor
15 in a sixth method step S,. At a contact point between the
fourth individual segment 14 of the connecting element 9 and
the second individual segment 15, of the inner conductor 15
the second individual segment 15, of the inner conductor 15
is preferably coated with a material of very good electrical
conductivity, such as gold,

If the calibration unit 1 is to form the calibration standard
“match”, the thin-film resistor or the thick-film resistor ofthe
individual segment 15, is trimmed in a seventh method step
S, using a laser to the required value of, for example, exactly
50 ohms.

If the calibration unit 1 is to form the calibration standard
“open” or “match”, the second individual segment 15, of the
inner conductor 15 is soldered and/or glued in an electrically
conductive manner to a first individual segment 15, of the
inner conductor 15 in an eighth method step S;.

In a ninth method step Sy, both the inner conductor 15
embodied in one piece, and also the inner conductor 15
embodied in more than one piece with its first segment 15,
and its second segment 15, is pushed into the connecting
element 9 in such a manner that the inner conductor 15 is
arranged centered in the connecting element 9 and soldered
and/or glued and/or clamped rigidly with its end facing away
from the connecting plug to the connecting element 9. In this
context, the inner conductor 15 is pushed into the connecting
element 9 until only the contact plug 17 projects from the
connecting element 9 or the contact socket 43 lines up pre-
cisely with the connecting element 9.

In a tenth method step S,,, the connecting element 9 is
introduced into an aperture 3 of the housing 2 of the calibra-
tion unit 1.

In an eleventh method step S ;, the connecting element 9 is
soldered and/or glued to the housing in an electrically con-
ductive manner at its first segment 10.

Within the scope of the invention, all of the features
described and/or illustrated can be combined with one
another as required. The calibration unit 1 is suitable for all
coaxial connectors and for all types of measurement devices
which provide coaxial connecting ports. By reducing the
dimensions, the calibration unit can also be used for frequen-
cies above 110 GHz.

The calibration unit 1 according to the invention can be
embodied as a male connector and also as a female connector.
In the case of an embodiment as a female connector, the inner
conductor 15 comprises a contact socket 43. In this case, the
union nut 8, the groove 6 and the snap ring 7 at the calibration
unit 1 are omitted, and the housing 2 is provided with an
additional thread.
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The invention claimed is:

1. A connector apparatus comprising:

a housing and an inner conductor, wherein the inner con-
ductor is positioned approximately centered within an
aperture of the housing; and

a connecting element positioned within the aperture of the
housing,

wherein the connecting element comprises at least one
narrowing or conical tapered segment that is configured
in a manner whereby it supports the entire inner conduc-
tor in a flexible manner relative to the housing,

wherein the connecting element hosts the entire inner con-
ductor elastically in a relatively centered position pro-
viding for a same distance relative to an outer conductor,
such that a minimal, if any, variance in a wave imped-
ance occurs, and

wherein the connector apparatus is configured for a con-
nection with a connector structured in a relatively
coaxial form.

2. The connector apparatus according to claim 1, wherein a
first segment of the connecting element is embodied as one or
more of a flange or a cowl, and is one or more of glued,
pressed or soldered to the housing in an electrically conduc-
tive manner, and wherein the housing is electrically conduc-
tive or is coated with at least one electrically conductive layer,
and wherein the connecting element comprises an electrically
conductive material.

3. The connector apparatus according to claim 1, wherein a
second segment of the connecting element comprises an
internal diameter, which corresponds to an internal diameter
of an outer conductor of the connector with which the con-
nector apparatus is configured to be connected.

4. The connector apparatus according to claim 1, wherein a
third segment of the connecting element is embodied in a
narrowing, conical manner, whereby the connecting element
tapers in its diameter.

5. The connector apparatus according to claim 1, wherein a
fourth segment of the connecting element serves as a hosting
element for the inner conductor.

6. The connector apparatus according to claim 1, wherein
the connector apparatus is further configured for use in load-
ing states comprising one or more of “open”, or “short” or
“match”.

7. The connector apparatus according to claim 6, wherein
the inner conductor comprises at least two segments in the
loading states “open” and “match”, wherein a second of the
segments of the inner conductor comprises a dielectric,
which, in the case of the loading state “match” is partially
coated with one of a thin-film resistor or a thick-film resistor,
and an electrically conductive material.

8. The connector apparatus according to claim 7, wherein a
first of the segments of the inner conductor comprises a bore-
hole, into which the second segment of the inner conductor is
inserted, and wherein both the first and second segments are
configured to be electrically connected to one another.

9. The connector apparatus according to claim 8, wherein
an end of the second segment of the inner conductor not
connected to the first segment is one or more of glued, sol-
dered or clamped to the connecting element.

10. The connector apparatus according to claim 1, wherein
the connecting element comprises an electrically conductive
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material and connects the inner conductor to the housing in an
electrically conductive manner.

11. The connector apparatus according to claim 1, wherein
the inner conductor is embodied, at an end not connected to
the connecting element, as one of a contact plug or a contact
socket.

12. The connector apparatus according to claim 11,
wherein the end of the inner conductor not connected to the
connecting element is embodied as a contact socket and is
slotted, and its diameter is embodied in a conical manner.

13. A method for manufacturing a connector apparatus, the
method comprising:

electroplating a forming template which represents a nega-

tive shape of a connecting element; and

performing one or more of etching away the forming tem-

plate or peeling the connecting element off the forming
template,

wherein the connecting element comprises at least one

narrowing or conical tapered segment that is configured
in a manner whereby it hosts and supports an entire inner
conductor of the connector apparatus in a flexible man-
ner relative to a housing, and

wherein the inner conductor is positioned relatively cen-

tered within an aperture of the housing providing for a
same distance relative to an outer conductor, such that a
minimal, if any, variance in a wave impedance occurs,
and

wherein the connector apparatus is configured for a con-

nection with a connector structured in a relatively
coaxial form.

14. The method according to claim 13, further comprising:

manufacturing at least a first segment of the inner conduc-

tor via a lathing process; and

performing one or more of electroplating or sputtering the

lathed first segment of the inner conductor.

15. The method according to claim 14, wherein the method
further comprises:

performing one of pressing, sintering or lathing a second

segment of the inner conductor with dielectric proper-
ties;

applying in sections one of a thin-film resistor or a thick-

film resistor, and an electrically conductive layer to the
second segment of the inner conductor;

trimming the thin-film resistor or the thick-film resistor

applied to the second segment of the inner conductor by
means of a laser;

performing one or more of soldering or gluing the second

segment of the inner conductor to the first segment of the
inner conductor.

16. The method according to claim 15, further comprising:

inserting one of the inner conductor or the first and second

segments of the inner conductor into the connecting
element;

inserting the connecting element into the aperture of the

housing;

performing one or more of soldering or gluing the connect-

ing element to the housing.

17. The method according to claim 13, wherein the con-
necting element connects the inner conductor to the housing
in an electrically conductive manner.
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